Background: Previous data are controversial about the association of renal artery stenosis (RAS) with clinical outcome in patients with heart failure. Definition of RAS in previous studies might not be appropriate. By definition of RAS with renal duplex sonography, we investigated the association of RAS with clinical outcome in patients with heart failure. Methods: In this retrospective study, we identified 164 patients with heart failure (New York Heart Association classification ≥II; left ventricular ejection fraction <50%) who had received renal duplex sonography during hospital stay. RAS was defined as renal-aortic ratio ≥3.5 or a peak systolic velocity ≥200 cm/s (or both), or occlusion of the renal artery. Categorical data of patients were compared using the Chi-square test or Fisher's exact test. Cox proportional hazards regression modeling technique was used to investigate the prognostic significance of possible predictors. Results: Finally, 143 patients were enrolled. Median follow-up time was 32 months (1-53 months). Twenty-two patients were diagnosed as RAS by renal duplex sonography, including 13 unilateral RAS (3 left RAS, 10 right RAS) and 9 bilateral RAS. There were more all-cause mortality and cardiovascular death in patients with RAS than patients without RAS. By multivariate analysis, RAS was a significant predictor for all-cause death and cardiovascular death (hazard ratio [HR] = 4.155, 95% confidence interval [CI ]: 1.546-11.164, P = 0.005; and HR = 3.483, 95% CI: 1.200-10.104, P = 0.022, respectively). As for composite endpoint events, including death, nonfatal myocardial infarction, ischemic stroke or intracranial hemorrhage, rehospitalization for cardiac failure, and renal replacement therapy, only angiotensin-converting enzyme inhibitor or angiotensin-receptor blocker was significant predictor. RAS was not a significant predictor for composite endpoint events. Conclusions: Our data suggested that RAS is associated with a poorer clinical outcome in patients with heart failure.
Original Article

IntRoductIon
It is presumed that presence of renal artery stenosis (RAS) confers a worse outcome for patients with heart failure. [1] Possible mechanisms include activation of the renin-angiotensin-aldosterone system and sympathetic nervous system, volume retention associated with renal ischemia, which are important contributors in the development of heart failure. [1, 2] The study of de Silva et al. reported that RAS was associated with increased morbidity and mortality in patients with chronic heart failure during a 3-year follow-up. [3] However, a later published study did not validate this association. [4] In these studies, significant RAS was defined by diameter stenosis of >50% using contrast-enhanced magnetic resonance angiography.
We think that definition of RAS by diameter stenosis of >50% does not correspond to a severe RAS, which might be associated with poor clinical outcome. Our recent published data showed that RAS >70% helps to predict major adverse cardiac events after acute myocardial infarction, whereas RAS >50% does not. [5] Conlon et al. [6] reported a significant decrease in 4-year survival in patients with RAS undergoing coronary angiography and found that increasing severity of RAS has an incremental detriment on survival probability. These data suggested that severity of RAS, rather RAS alone, helps to predict the risk of adverse event.
Duplex sonography can discriminate ≥60% RAS from <60% RAS accurately. [7] We presumed that RAS definition by duplex sonography could help to predict poor outcome in patients with heart failure, so we investigated this presumption in this study.
Methods
Study population
Data came from Renal Artery Stenosis in patients with HEart Failure (RASHEF) database. Patients in RASHEF data were retrieved from DHC-Picture Archiving and Communications System/Radiology Information System (PACS/RIS system) in Beijing Anzhen Hospital, Capital Medical University. In this DHC-PACS/RIS system, from January 2010 to June 2012, renal duplex sonography was performed in 2075 hospitalized patients, including 1925 patients with echocardiography performed during hospital stay. Renal duplex sonography was performed in: (1) Patients with hypertension; (2) Patients with azotemia, unexplained renal failure, or worsening renal function after administration of angiotensin-converting enzyme inhibitor or angiotensin-receptor blocker (ACEI/ARB) agent; (3) Patients with sudden, unexplained pulmonary edema; and (4) Patients with multivessel coronary artery disease.
In these 1925 patients, there were 169 patients diagnosed as heart failure. Definition of heart failure in this study was: Stage II, III, or IV (according to the New York Heart Association [NYHA] classification) heart failure and left ventricular eject fraction <0.50 by echocardiography. Renal duplex sonography in 2 of the 169 patients was technically inadequate for interpretation. In remaining 167 patients, 98 patients were diagnosed as ischemic heart failure, and 69 patients were diagnosed as nonischemic heart failure. Definition of ischemic heart failure in this study was: Stage II, III, or IV (according to the NYHA classification) heart failure due to coronary artery disease and left ventricular eject fraction <0.50 by echocardiography. Ethical approval was granted by the Ethics Committee of Beijing Anzhen Hospital. In the 98 patients with ischemic heart failure, 3 patients with RAS received renal artery stent implantation and were not included in this study. Finally, 95 ischemic heart failure patients and 69 nonischemic heart failure patients were included in this study.
Renal duplex sonography
Patients were studied in the anterior, lateral decubitus, and prone position to visualize all portions of the renal artery. Renal duplex sonography was performed with Philips iU22G4 ultrasound system (USA) or GE Logiq E9 ultrasound system (USA). RAS was defined by duplex scanning as having a renal aortic ratio of ≥3.5, a peak renal artery systolic velocity of ≥200 cm/s, or a renal artery occlusion. This criterion can discriminate ≥60% atherosclerotic RAS (ARAS) from <60% RAS accurately. [7] 
Follow-up
Patients were contacted by telephone, at outpatient department and/or via MedTrak System of Beijing Anzhen Hospital. Composite endpoints of major adverse events include all-cause death and cardiovascular death, nonfatal myocardial infarction, ischemic stroke or intracranial hemorrhage, rehospitalization for cardiac failure, renal replacement therapy. Composite endpoints events free survival was termed as the interval between the first hospitalization and the first occurrence of any major adverse events. Myocardial infarction referred to type 1 or type 4b myocardial infarction. [8] 
Statistical analysis
Continuous data were shown as mean ± standard deviation (SD) or median (range). Categorical data were compared using the Chi-square test or Fisher's exact test. We used Cox proportional hazards regression modeling technique to investigate the prognostic significance of possible predictors. All reported P values were two-tailed. Results were considered to be statistically significant if P < 0.05. Data were analyzed using SPSS version 13.0 (SPSS Inc., Chicago, IL, USA).
Results
Baseline characteristics
Initially, 95 patients with ischemic heart failure and 69 patients without ischemic heart failure were included in this study.
Baseline characteristics of the study population are summarized in Tables 1 and 2 . Data were presented as non-RAS patients or RAS patients. Initially, 164 patients were involved. However, 10 patients with ischemic heart failure and 11 patients with nonischemic heart failure were not contacted successfully during follow-up and were not included in the analysis. These patients could not be contacted by telephone, or at the outpatient department. Finally, 143 patients were included in the analysis, with 85 patients with ischemic heart failure and 58 patients with nonischemic heart failure. In the 58 nonischemic heart failure patients, heart failure was caused by hypertension in 39 patients, renal failure in 1 patient, congenital heart disease in 1 patient, valvular heart disease in 8 patients, dilated cardiomyopathy in 9 patients. Median follow-up time was 32 months (1-53 months) for study population; and median follow-up time was 33 months (1-53 months) for non-RAS patients and 22 months (1-53 months) for RAS patients. Twenty-two patients were diagnosed as RAS by renal duplex sonography, including 13 unilateral RAS (3 left RAS, 10 right RAS) and 9 bilateral RAS. Patients with renal artery stent implantation were not included.
Major adverse events
All-cause mortality and cardiovascular mortality There were 23 deaths in this study, including 1 myocardial infarction, 5 heart failure, 1 cardiac arrest, 1 end-stage renal failure in 8 ischemic heart failure patients with RAS; 3 myocardial infarction, 7 heart failure, 1 cardiac arrest, 1 intracranial hemorrhage in 12 ischemic heart failure patients without RAS; 1 end-stage renal failure in 1 nonischemic heart failure with RAS; and 2 heart failure in 2 nonischemic heart failure without RAS. Gender, age, hypertension, prior stroke, diabetes mellitus, smoking, left ventricular eject fraction, left ventricular end-diastolic diameter, hemoglobin, serum creatinine, estimated glomerular filtration rate (eGFR), [9] triglyceride, low-density lipoprotein cholesterol, ACEI/ARB, beta-receptor blocker, and RAS were assumed to be possible predictors for all-cause mortality, cardiovascular death, and composite endpoints.
By univariate analysis, gender, diabetes mellitus, left ventricular eject fraction, hemoglobin, ACEI/ARB, and RAS were significant predictors for all-cause mortality; and diabetes mellitus, left ventricular eject fraction, hemoglobin, ACEI/ARB, and RAS were significant predictors for cardiovascular death [ Table 3 ]. However, by multivariate analysis, only diabetes mellitus, left ventricular eject fraction, ACEI/ARB, and RAS were significant predictors for all-cause mortality and cardiovascular death [ Table 4 ].
Kaplan-Meier plot of the probability of freedom from all-cause mortality and cardiovascular death showed that event-free survival between the two groups was significantly different using log-rank test (Chi-square = 14.925, P < 0.01, Figure 1 ; Chi-square = 8.175, P = 0.004, Figure 2 ).
Nonfatal myocardial infarction
During follow-up, no patient developed nonfatal myocardial infarction. 
Nonfatal stroke
There were seven non-fatal strokes in patients with no RAS and one nonfatal stroke in patients with RAS, and this difference was not significant between two groups by Fisher's exact test (P = 1.000). In patients with ischemic heart failure, there were six nonfatal strokes in patients with no RAS and no nonfatal stroke in patients with RAS. In patients with nonischemic heart failure, there was one nonfatal stroke in patients with no RAS and one nonfatal stroke in patients with RAS.
Rehospitalization
There were 23 first rehospitalizations for cardiac failure during follow-up, 5 in RAS patients and 18 in non-RAS patients. The difference between two groups was not statistically significant (P = 0.353). In patients with ischemic heart failure, there were 14 first rehospitalizations in patients with no RAS and 4 first rehospitalizations in patients with RAS. In patients with nonischemic heart failure, there were 4 first rehospitalizations in patients without RAS and one first rehospitalization in patients with RAS. A total number of rehospitalization for cardiac failure was 38 in this study population, 29 (mean 0.24) in patients with non-RAS and 9 (mean 0.41) in patients with RAS. 
Renal replacement therapy
During follow-up, renal replacement therapy occurred in 14 patients. Two ischemic heart failure patients with non-RAS and 3 ischemic heart failure patients with RAS received hemodialysis therapy. One ischemic heart failure patient with non-RAS received kidney transplantation. Five nonischemic heart failure patients with non-RAS and 3 nonischemic heart failure patients with RAS received hemodialysis. Totally, there were 8 renal replacement therapies in 121 patients with non-RAS and 6 renal replacement therapies in 22 patients with RAS. The difference between two group was statistically significant (P = 0.003).
Composite endpoint events
There were 56 patients, including 15 RAS patients and 41 non-RAS patients, who developed composite endpoint events during follow-up, and the difference between two groups was statistically significant (Chi-square = 7.808; P = 0.002). Age, prior stroke, diabetes mellitus, hemoglobin, serum creatinine, eGFR, ACEI/ARB, and RAS were significant predictors for composite endpoints by univariate analysis [ Table 3 ]. By multivariate Cox regression analysis, only ACEI/ARB was a significant predictor for composite endpoint events [ Table 4 ].
Medications on discharge are listed in Table 2 . Anti-angiotensin therapy included ACEI and ARB. Ten patients with RAS received anti-angiotensin therapy and 63 patients with non-RAS received anti-angiotensin therapy. The difference between two groups was statistically significant (P = 0.646). One patient with bilateral RAS suffered progressive renal insufficiency after valsartan therapy, which was not reversible after terminating valsartan therapy.
dIscussIon
In this study, we analyzed the association of RAS with clinical outcome in patients with heart failure. With the definition of RAS by renal duplex sonography, results suggested that, in patients with heart failure, RAS was associated with increased risk of all-cause death and cardiovascular death.
Previous studies had investigated the association of RAS and long-term outcome of a patient with heart failure and have achieved controversial results. One earlier study found that compared with 62 patients with non-RAS, defined by magnetic resonance angiography, 73 patients with RAS had prolonged hospital stay and a higher mortality. [3] They believed that RAS is a significant predictor for a poor long-term outcome. However, this association was not validated by a later study. [4] In this study, compared with 254 patients with non-RAS, defined by magnetic resonance angiography, 112 patients with RAS had more hospital admissions and more prolonged hospital stay because of vascular events and worse prognosis. However, the multivariable analysis did not show RAS could predict a worse outcome. These authors thought that RAS is just a bystander rather an independent predictor of worse outcome in patients with chronic heart failure. [4] The reason underlying this controversy is uncertain. We think that a threshold of severity exists for RAS to affect the future outcome. Definition of RAS might have led to controversial results about RAS in previous studies. In the above studies, stenosis of >50% by magnetic resonance angiography was used to determine RAS. [3, 4] We have shown that RAS >70% helps to predict major adverse cardiac events after acute myocardial infarction, whereas RAS >50% does not. [5] In our study, RAS was defined by renal duplex sonography, which was based on altered hemodynamic parameter of blood flow. Duplex sonography can discriminate ≥60% RAS from <60% RAS accurately. [7] Our results suggested that RAS is associated with a poor outcome. Patient with RAS was in 4.2-fold risk of death and 3.5-fold risk of cardiovascular death than patients with non-RAS. There were more renal replacement therapies in patients with RAS than patients without RAS. As for composite endpoint events, only ACEI/ ARB was significant predictors. Definition of RAS may also help to explain why some studies failed to prove the benefits of renal revascularization, including Angioplasty and Stenting for Renal Artery Lesions study. [10, 11] Since RAS is associated with a poor outcome, it is worth to investigate whether renal revascularization is beneficial for patients with heart failure. Recently published Cardiovascular Outcomes in Renal Atherosclerotic Lesions study did not show any benefit of renal revascularization either. [12] Renal revascularization confers no significant benefit with respect to prevention of clinical events when added to comprehensive and multifactorial medical therapy for ARAS patients with hypertension or chronic kidney disease. [12] In this study, there were 12.0% (55) and 15.0% (472) patients with heart failure in stenting plus medical therapy group and medical therapy only group, respectively, but subgroup analysis of renal revascularization in heart failure patients was not published. Recent data about benefits of renal revascularization has been reported. Renal revascularization helps to improve heart failure control and reduce heart failure hospitalizations, which could be attributed to better blood pressure control and reintroduction of anti-angiotensin therapy. [13] Possible mechanisms might include ameliorated left ventricular remodeling after renal stent implantation, which is independent of blood pressure reduction in patients with hypertension. [14, 15] The limitations of this study were as follow: This was a retrospective study, and patients in our sample were not enrolled consecutively. Possible selection bias exists, which might have made our study undervalued.
In conclusion, our study suggested that RAS, defined by renal duplex sonography, was associated with a poor outcome in patients with heart failure. Future studies should address the benefits of renal revascularization in patients with heart failure.
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